During decades the study of networks has been divided between the efforts of social scientists and natural scientists, two groups of scholars who often do not see eye to eye. In this review I present an effort to mutually translate the work conducted by scholars from both of these academic fronts hoping to unify what has become a diverging body of literature. I argue that social and natural scientists fail to see eye to eye because they have diverging academic goals. Social scientists focus on explaining how context specific social and economic mechanisms drive the structure of networks and on how networks shape social and economic outcomes. By contrast, natural scientists focus primarily on searching and modeling network characteristics that are independent of context, since their focus is to identify universal characteristics of systems that are independent of context, instead of context specific mechanisms. In the following pages I will discuss the differences between both of these literatures by summarizing the parallel theories advanced to explain link formation and the applications used by scholars in each field to justify the study of networks. I conclude by briefly reviewing the historical sources of these differences and by providing an outlook on how these two literatures may come closer together.
Certainly, there are important differences within the approaches followed by the scholars inside each of these groups, but since the within group differences are dwarfed in comparison to the differences between groups, I will focus this review primarily on the comparison between the larger groups. I have two reasons to do this. First, I will focus in these larger groups because reviews that transcend the boundary between the social and natural sciences are extremely rare--I am personally not aware of a single effort in this direction. Second, I believe these diverging bodies of literature are in desperate need of mutual understanding, and to achieve that understanding, we need to help translate the research goals and intentions of one body of literature into the language of the other (or at least, into a simple language that everyone can understand). Of course, the breadth of the effort implies that I am destined to fall short. So I disclose at the outset that my review is bound to be both, narrow and incomplete. Also, for those who are experts in a particular stream of literature, parts of this review will seem dated, since I am not focusing on what is more recent, but on the historical trajectories of the ideas advanced by scholars in each of these streams. For a comprehensive summary of the literature advanced by a particular branch of the literature I recommend readers to look at reviews that focus on more narrow 4 subjects. The purpose of this review, therefore, is not to summarize all of the streams of literature that discuss networks 1 , but to pick a few illustrative examples that I can use to translate the goals of efforts undertaken to understand systems of organized complexity to scholars that have been working on a different corner of what is vast intellectual space. I hope this exercise is useful for the growing community of scholars working on networks, and also, that it contribute to the educational efforts to establish networks as a field.
Links and Link Formation
Links are the essence of networks. They give networks the ability to describe structure, and are also, a powerful feature defining the identity of a node. So I will start this review by comparing the mechanisms used by natural and social scientists to explain link formation.
Before I describe these mechanisms, however, I will note that even the notion of what is considered a link is different for scholars in both streams of literature.
Social scientists' idea of links-or ties-often incorporates information on the context of social interactions and the type of support that flows through that interaction. For instance, social scientists make strong differences between friendship ties, co-working ties, and family ties, because these types provide different forms of support and affect the dynamics of different aspects of society. Even more, among family ties, social scientists will often differentiate between the ties connecting parents to their offspring and to each other, since 1 For instance, in this review I will not include the life sciences among the natural sciences even though they have done extensive work on biological networks. My decision not to include the work of biologists in this review is to simplify the scope. Also, I will not discuss financial networks, or graph theory. For the most part, I will be discussing work involving social networks (networks where nodes are people), as these networks have been of the interest of both social scientists and natural scientists.
Natural scientists' definition of links, however, has been more lax and driven by the availability of data. , and later by John Nash (1950 17 ).
The link formation mechanisms used by Natural scientists, however, are often not based on strategic games, or dependent on social context, but instead, are based on models that are agnostic about the characteristics of the individuals involved in the formation of a link. For the most part, natural scientists model the evolution of networks as stochastic processes that tie back the evolution of a network back to its structure.
A popular example of such a stochastic model is the idea of preferential attachment, or cumulative advantage. Preferential attachment is the idea that connectivity begets connectivity. More formally, it is the assumption that the probability that a node would acquire a new link depends linearly in the number of nodes that are already connected to it.
Preferential attachment is an idea advanced originally by the statisticians John Willis and Udny Yule in (1922) 18 , but that was rediscovered numerous times during the twentieth century. Willis and Yule were looking to explain the scale-free structure of the network we know as Darwin's tree of life (that is, he wanted to explain why some branches in the tree of life branch out much more than others). Yule found that most genera had only one species, but that most species came from single genera. The explanation is that the more species a genera has, the more species it can eventually produce. Rediscoveries of this idea in the twentieth century include the work of Herbert Simon (1955) 19 (who did cite Yule), Robert
Merton ( , and hierarchical structure (Ravasz et al. 2002) . Duplication and divergence models, however, also fail to include the non-topological characteristics of nodes, and therefore, represent another example of a link formation mechanism that ties the evolution of a network back to its own topology 2 .
Juxtaposing the models of link formation advanced by social scientist and natural scientists, however, helps us uncover some important differences between the approaches followed by these two coarsely defined groups of scholars. The link formation mechanisms preferred by social scientists involve a sense of identity and strategy, since they focus on who is connected to whom and why. By contrast, the link formation mechanisms preferred by natural scientists are more neutral, focusing on how connections depend on the position that an individual occupies in a network, but not on who that individual is, or on the thought process that pushed an individual to make or cut a connection. As we will see next, these ). When the goal is explaining similarities between networks observed in different systems, then it makes sense to use a model that is context agnostic, rather than specific. On the contrary, if a person's goal is to explain and interpret the structure of a narrowly defined network in a specific context, then adopting a context agnostic model will be inadequate, since those models provide answers that are too loosely specified to be informative of the specific social processes driving the network.
In the next section, I continue to explain the differences between the theoretical approaches used to model networks by natural and social scientists by going deeper into the applications used to justify the study of networks. This should help illuminate the preferences for the link formation mechanisms that I have just described.
Applications of Networks
Consider the link formation mechanisms that are preferred by sociologists and that we described above as the big three: These are homophily, shared foci, and triadic closure. Why would social scientists prefer these link formation mechanisms to stochastic models, such as Segregation is a property that is connected to the structure of networks, but that goes beyond it, since it involves the distribution of individual level characteristics, such as the ethnic and cultural background of the individuals in that network. We can explain ethnic and cultural segregation, however, by invoking the big three network formation mechanisms of sociology: shared foci, homophily, and triadic closure. Together, these three mechanisms are expected to give rise to homogenous self-reinforcing groups, like the segregated groups we observe in society. Of course, there is more to segregation than what can be explained by these three mechanisms, but this simple example should give you a hint about why they are a better starting point in this case.
As another example consider the labor market, as studied by economic sociologist rather than economists. Economist sociologists, such as Mark Granovetter, have shown that most individuals get jobs from friends and acquaintances (Granovetter 1974 35 ). This observation is relevant because it shows that labor markets are embedded in social structure (Granovetter 1985) , and hence, that the links formed by social mechanisms constrain economic activity This is another example of a relevant question that is connected to the structure of networks, but that requires a nuanced description of both, the individuals involved in a dyad and of how individual characteristics affect the process of dyad formation.
Labor markets and segregation are two questions that interest social scientists and that require an understanding of networks that goes beyond network topology. Yet, to understand social scientists' description of ties we need to dig deeper and include also their interpretation of ties as the embodiment of trust.
Trust is a dimension of social networks that has been of paramount importance for social scientists, but that has been mostly ignored by natural scientists. The importance of trust in social network literature is well reflected in the literature on informal institutions, social capital, and trust. This was a literature advanced by sociologists (Granovetter 1985 ).
The Devil in the Details
By now it should be clear that there are important differences in the literature on networks advanced by social scientists and natural scientists. These differences involve methods and theories, but more importantly, the types of questions that scholars in each field consider valid. In this section I will try to succinctly review some of the formal aspects in the formats of publication that help drive and reinforce some of these differences.
One of these formal aspects is the enormous difference in the formats of publications that are preferred and accepted in the natural and social sciences. Differences in format may seem cosmetic, but due to the social (or antisocial) nature of peer-review, differences in the expectations that academics have with respect to format can result in papers being quickly misunderstood, and rejected, by scholars trained in different fields.
One important difference here is the role of an introduction in a paper. In the social sciences, however, the introduction is the paper, since it is the place where the scholar fully explains his or her contribution in the context of what is known. In this case, the results section of the paper is the material that is provided to support the thesis explained by the scholar in the introduction.
Another formal difference involves the length of papers, the expectations regarding the literature review, and the use of graphical statistical methods (Hidalgo 2010 86 ). Natural science papers tend to be extremely short in length by social science standards (usually less than 4,000 words), and hence, economize language in their introductions and literature reviews (If this was a natural science paper, it would have ended more than 3,000 words ago). Often, natural scientists cite literature in one or two short paragraphs, instead of dedicating a multipage section detailing the contributions of other scientists. Social scientists on the other hand, write extensive literature reviews in which many of the papers cited are described in multiple paragraphs. Social science papers put substantial effort on discussing the previous literature before presenting any of their own work, and are often rejected if they fail to provide a good review of the literature. As a result of these differences, social science scholars usually dismiss natural science papers as they consider that natural scientists mischaracterize the literature. Conversely, natural scientists dismiss social science papers as they find these "too wordy." These differences, however, are consequential, since reviewers and editors familiar mostly with one style will almost certainly reject a paper written in the other style.
Then there is the use of graphical statistical methods and multivariate statistics. The first ones are preferred by natural scientists and often avoided by social scientists, while the reverse is true for multivariate statistics. These differences, however, are also misinterpreted as shortcomings since social scientists often think of graphical statistical methods as "nonserious," since they are limited in their ability to control for co-founding factors, while natural scientists find that the use of tables, instead of graphical representation of results, occludes information about functional forms, which natural scientists consider important.
Bringing the communities together
In this paper I have juxtaposed the literature of social scientists and natural scientists working on networks, two groups of academics that often fail to see eye to eye. This juxtaposition helped us illustrate important differences between the methodology and questions explored by each of these groups of scholars. Scholars trained in the social sciences focus on explaining social and economic phenomena, and are interested on how networks are related to the properties of the individuals and organizations forming these networks (demographics, income, etc.). Natural scientists, on the other hand, are interested in identifying features that are common to a wide variety of networks, and hence focus on the use of stochastic and generative models that are agnostic about the properties of individuals, or their goals. The former focus, has allowed social scientists to make great progress in questions that need to be understood in a nuanced social context, like the role of trust on labor markets. The later focus, has allowed natural scientists to make great progress in the understanding of network questions that are not context specific, and are governed by general constraints.
Both of these approaches are valuable, since natural scientists often through the baby with the bathwater when exploring social questions while failing to understand social context, and the multiple hypotheses that a social context can imply. On the other hand, social scientists often have problem seeing explanations that are based on statistical properties or constraints that are independent of context, since they have developed a strong taste for theories that are more teleological than those advanced by natural scientists.
And in this taste for teleology is where we find one of the great differences between social scientists and natural scientists, since these differences in taste for teleology bring each of these disciplines to a different interpretation of what they mean by "why." Social scientists look for answer to why questions that involves the purposeful action of actors, no matter whether those purposes are driven by self-interest (like in the economics tradition), by a process of socialization (like in sociology), or where they developed in a struggle for power (like in political science). Natural scientists, on the other hand, answer why questions by looking at the hard constraints that govern a system. This is an approach that comes from 18 the explanations to phenomena provided originally by physics. The earth does not orbit the sun 6 for a purpose, but because the law of gravity acts as a constraint (metaphorically, as a tense rope) that shapes our planet's elliptical motion. By the same token, the reason why momentum is conserved in many physical systems is because the Hamiltonian of these systems (the Hamiltonian being an advanced way of representing the system) does not depend on that systems position. Why questions do not always involve purpose, but it is important to note when they do.
Hopefully, the juxtaposition presented here helps explain the value of the approaches followed by academics in both of these streams of literature and helps stimulate further discussion in the study of systems of organized complexity.
